Introduction
Orchardgrass (Dactylis glomerata L.) is a highly crosspollinated perennial forage grass and well adapted to various environmental conditions in temperate zones of the world. It is one of the earliest-and fastest-growing grass species in the spring and exhibits good shade tolerance and regrowth characteristics. Orchardgrass is used in monoculture or binary mixtures with alfalfa (Medicago sativa L.) or red clover (Trifolium pratense L.) for silage and hay production or in mixtures with white clover (Trifolium repens L.) for grazing (Christie and McElroy, 1995) .
Seed production is essential to produce a sufficient amount of forage in a vast area of field for effective livestock feeding. However, the seed production of forage grasses is different from that of field crops, such as cereals and edible legumes, due to disjointed areas for both agronomic and seed productions (Christie and McElroy, 1995) . Many studies with various forage grass species in different environmental conditions concluded that combining high seed yield with high dry matter production should be possible in grass species by breaking the negative association between hay and seed yields, despite the negative effect of seed yield breeding on forage yield and quality (Bugge, 1987; Marshall and Wilkins, 2003) . Moreover, a strong positive correlation between seed yield and dry matter yield was recently reported in many studies for various grass species, including smooth bromegrass, narrow-leaved meadow grass, and orchardgrass (Seker and Serin, 2004; Moradi et al., 2007; Parsa et al., 2012) .
Cultivars developed from local genotypes or collections offer more advantages than introduced genotypic materials for breeding studies because of superior adaptation following long-term natural selection. Thus, genetic variability existing in the available domestic populations or the collections for seed yield and related traits is an important resource in developing new plant cultivars that have desired agronomic and economic traits; in particular, it is very important for the related traits that cause increases in both seed and forage production simultaneously (Singh et al., 1991) . Partitioning of total variation into genetic and environmental sources and their interactions is essential to assess genetic or environmental effects on seed yield and its components, as reported in a range of forage species (Rognli, 1987; Jafari and Naseri, 2007) .
Forage and seed yields and related characters are quantitatively inherited. Thus, biometrical genetic information on the nature and the extent of genetic variation, genotype × environment interactions, heritability, and prediction of genetic advance by selection is a prerequisite for improvement by direct or indirect selection. Some statistics, such as means, ranges, and variances, are helpful in providing information on the diversity of genotypes. However, they do not enable the simultaneous comparisons of genotypes and plant attributes (Harch et al., 1995) . Therefore, the characterization and grouping of genotypes based on multiple traits could be a useful management tool in breeding programs (DeLacy et al., 2000) . Multivariate statistical methods and numerical taxonomy, such as principal component (PC) analysis and cluster analysis, have been used extensively in summarizing and describing the variability in a population of accessions or genotypes in a variety of crops (Kandil et al., 2012; Parsa et al., 2012) . The reduction of the original variables into a new set of uncorrelated variables (PCs) was achieved by linear transformation. PCs, each of which represented different properties of the original data, were independently orthogonal to each other and so could be interpreted independently (Mohammadi, 2003) .
Achieving a superior cultivar with satisfactory seed yield along with high hay yield per unit area is an important objective for breeding forage crops, particularly in regions with a short vegetation period and a very long, harsh winter. Thus, the orchardgrass genotypes from natural sources within the Eastern Anatolian Region offer a great opportunity to solve the bottlenecks in the breeding and cultivation of forage crops. The objectives of this field study were to study these genotypes and estimate genetic variability, heritability, and genetic gain from one cycle of selection for seed yield and to identify the traits that differentiate the genotypes into different groups of agricultural traits.
Materials and methods
A total of 109 promising orchardgrass (Dactylis glomerata L.) genotypes were derived from a nursery garden after 2 years of surveying (1998 and 1999) . The nursery garden was established in 1997, using 10 randomly selected seeds from each plant of the ecotypes of various forage species found in the various rangelands and pastures in Erzurum, Ardahan, Kars, and Van provinces of the Eastern Anatolian Region of Turkey. The seeds were separately collected, paper-bagged, labeled, and conditioned in a cool temperature in the summer of 1996. The genotypes in the study are presented in Table 1 Observations and data were gathered from 8 clones of each genotype for each replication during 2 years, 2001 and 2002, for agronomic (seed yield, dry matter yield, and biological yield), morphological (plant height, panicle length, crown diameter, number of fertile stems per plant, number of sterile stems per plant, number of total stems per plant, stem intensity), physiological (percent fertile stem number, harvest index, and fertility index), and phenological (heading date and anthesis date) traits, as described in Table 2 .
The means of the ramets obtained for each genotype were subjected to a combined analysis of variance across years using split-plot-in-time design, with years as subplots (Nguyen and Sleper, 1985) using the Proc GLM procedure of SAS (SAS Institute, 2004) , because the correlated data from this clonal experiment with perennial orchardgrass over the years did not permit rerandomization for each year of the experiment. Expected mean squares were based on a random effects model for genotypes, years, and replications. Variance components were estimated by computing appropriate linear functions of the mean squares: = estimates of variance components due to genotype × replication (whole plot error) and genotype × year × replication (subplot error), respectively. Variables y and r stand for the numbers of years and replications, respectively. The standard error (SE) for each of the estimated component variances was computed according to Anderson and Bancroft (1952) . Genotypic (GCV), phenotypic (PCV), and environmental (ECV) coefficients of variability to compare the variations among the traits (Singh and Chaudhary, 1997 ) and heritability in a broad Table 2 . Agronomic, physiological, morphological, and phenological traits of orchardgrass genotypes and their measurements and abbreviations. ) (Falconer and MacKay, 1996) were estimated. Negative variance components were considered to be 0 in the estimating of heritability. The SE of h 2 b was calculated as described by Dickerson (1969) . Expected genetic gain (R) per a cycle of selection with 1.4 standardized selection differential at 20% of selection intensity was calculated (Falconer and MacKay, 1996) .
PC and cluster analyses were performed with SAS Software (SAS Institute, 2004) to identify the variability among the genotypes and their groupings (Johnson, 1998) . NTSYSpc version 2.1 software was used to generate a dendrogram (Rohlf, 2005) . The genotypes in each cluster were then reanalyzed for basic statistics, and the comparison of the clusters was performed for each trait by ANOVA (SAS Institute, 2004) .
Results and discussion
Descriptive statistics for agronomic (seed, dry matter, and biological yields), morphological (plant height; panicle length; crown diameter; numbers of fertile, sterile, and total stems; and stem intensity), physiological (percent fertile stems, harvest index, and fertility index), and phenological (heading date and anthesis date) traits derived from the analysis of the clonal genotypes of orchardgrass (Dactylis glomerata L.) across the years are summarized in Table 3 . Analysis of variance showed great (P < 0.001) differences among the genotypes for all the traits, indicating the presence of a considerable amount of genetic variability ( ) variances with their corresponding SEs are also presented in Table  4 . Examination of the estimates revealed significant components for each effect, except the genotype × block effects of all morphological (excluding crown diameter and plant height), physiological, and phenological traits. This is in contrast to the published data for orchardgrass, which suggest that varying degrees of genotypic variations were present for seed yield, dry matter yield, and various attributes (Jafari and Naseri, 2007; Mut and Ayan, 2008) , as well as for a variety of grasses including timothy (Rognli, 1987) and smooth bromegrass (Serin et al., 2001 ). Rognli (1987) also found significant genotype × year interaction and environmental (genotype × block interaction) effects for seed yield and plant height for timothy, and Jafari and Naseri (2007) for dry matter yield, tiller number, and heading date for orchardgrass. The variance of genotypic components was greater than the total variance of the nonheritable components for only 2 traits (plant height and panicle length), suggesting that their genotypic components should be considered the primary contributors in their phenotypic expression (Table 4 ). The estimates of genotypic variance for all agromorphological traits (except seed yield, crown diameter, panicle length, and stem intensity) were larger than those for physiological and phenological traits, ranging from 288.78 for plant ), suggesting that all traits might be relatively stable across environments, except physiological traits, seed yield, number of sterile stems, and stem intensity (Table 4) . On the other hand, the estimates of components of the environmental variances (S 2 β and/or S 2 ε ) for dry matter yield and its components (numbers of fertile, sterile, and total stems) and biological yield were greater than those for the other traits. The variance of the environmental effect (S 2 ε ) was the largest of all the effects for dry matter yield. The SEs estimated for all the components were smaller, reflecting higher precision, than those of similar investigations by Sleper (1983, 1985) of tall fescue and by Rognli (1987) of timothy, probably due the single plant basis and lower number of clones per replication in their studies, respectively.
The relative contributions of the different variance components to the phenotypical variance of each trait are depicted in Figure 1 . The contribution of genotypic variance to the phenotypical variance was larger than the total contribution of nonheritable components for all the traits (except stem intensity, number of sterile stems, fertility index, harvest index, and fertile stem percentage). The only trait in which phenotypical variation was primarily influenced by the environmental component was stem intensity, indicating the great masking effect of environment on the genotypical effect. After the genotypical component for the traits under consideration, the genotype × year interaction component was the main contributor for the phenotypic variations in most of the traits, except plant height and panicle length. Environmental effects were the main contributors only for crown diameter, dry matter yield, and biological yield, as shown in Figure 1 . The genotype × year interaction component in particular contributed to the total phenotypical variation for 3 physiologic traits with number of sterile stems nearly as much as genotypic component did.
One of the best tools for comparing various plant traits of different scales is the coefficient of variation, or the relative amount of variability to the corresponding phenotypical mean of a trait as a percentage (Rognli, 1987) . The results (Table 4) revealed that all the agromorphological and physiological traits had greater coefficients of variation; these were lower for the phenological traits of earliness as an indicator of less scope for improvement. The phenological traits of the genotypes were the least variable, as reported previously for various forage crop plants (Rognli, 1987; Jafari and Naseri, 2007) . The results indicated that fertility index had the highest phenotypic coefficient of variability (92.86%), followed by seed yield, harvest index, number of fertile stems, stem intensity, and number of sterile stems in descending order, ranging from 66.94% to 50.81%. High PCV is an indicator of a considerable amount of variability for the improvement of the traits by selection. Fertility index exhibited the greatest genotypic coefficient of variation (61.88%), despite a low corresponding genetic variance. Fertility index was followed by seed yield (53.61%) and number of fertile stems (50.12%) as a measure of exploitable genetic variability. However, the magnitude of the differences between GCV and PCV values could be a measure of the extent of the environmental influence on these traits; larger differences reflect greater environmental influence on the expression of traits. This can also be seen from the increasing environmental variation as the differences between GCV and PCV values increased. Fertility index had the largest ECV (99.19%) and was followed by stem intensity (81.87%), reflecting the largest environmental influence on their expressions. After phenological traits, ECV was the lowest for plant height, crown diameter, and panicle length.
Heritability estimates in a broad sense (h 2 b ) with SEs for the traits under consideration are presented in Table 4 and also depicted visually as the columns of genotypic variances (S 2 G ) in Figure 1 . As the value of GCV approached that of PCV, the heritability estimate increased, as happened in plant height and panicle length, indicating that those traits were mostly governed by genetic factors with minimal environmental influence on their phenotypical expression. Contrary to this, the heritability estimates decreased as the difference between the PCV and GCV increased alongside increasing ECV, as observed in stem intensity and fertility index. This caused a reduction in the response to phenotype-based selection. Thus, the heritability estimates in a broad sense for the various traits of the study were greatly different (h 2 b = 34%-90%). In the present study, heritability estimates based on combined analyses taking into account the components of genotypic × environment interactions were at least 2.6 times greater than their SEs, except stem intensity and fertility index (less than twice that of the corresponding SE; Table 4 ). The traits (plant height, panicle length, anthesis date, number of fertile stems, heading date, and number of total stems) showed very high heritability (0.90%, 0.83%, 0.77%, 0.76%, 0.72%, and 0.71%, respectively), which suggested that selection for these traits would be effective in future breeding programs as they are likely to be controlled by additive genes. Regarding plant height in particular, a large proportion of genetic variance is additive (Berdahl and Barker, 1997) . This is true for other traits, including maturity score, number of fertile stems, panicle length, and seed yield (Nguyen and Sleper, 1983; Jafari and Naseri, 2007) , while both additive and nonadditive gene effects for dry matter yield were reported (Jafari and Naseri, 2007). Phenotypical selection would be more suitable for these traits. Heritability estimates for crown diameter and agronomic traits, which are complex traits, were tolerably lower (ranging from 55% to 64%) than the former traits. Heritability was moderate for all remaining traits, including all 3 physiologic traits, ranging from 0.34% to 0.49%, due to the greater contribution of nonheritable variance components. Most of the results are in accordance with findings by Nguyen and Sleper (1985) in tall fescue, Rognli (1987) in timothy, and Jafari and Naseri (2007) in orchardgrass for plant height, heading date, number of fertile stems, panicle length, seed yield, and dry matter yield. The high heritability determined for heading and anthesis dates in the present study due to low nonheritable components is in accordance with the findings in many grasses reported by Nguyen and Sleper (1985) , Rognli (1987) , and Jafari and Naseri (2007) . Therefore, it can be inferred that the heritability estimates of these traits increased as the difference between PCV and GCV decreased, regardless of their magnitudes. Thus, heritability was not always accompanied by high GCV, which is in accordance with the findings of Kandil et al. (2012) in flax. Expected genetic gains estimated as a percentage of the means (Table 4) were the greatest with number of fertile stems (61%) and seed yield (60%) due to both high heritability and PCV. They were followed by fertility index (58%), which had the highest PCV but lower heritability. The lowest rates for the phenological traits of high heritability (>70%) were due to significantly lower GCV and PCV. It was moderate (16% to 38%) for the other agromorphological and physiological traits. Despite high heritability (>70%), plant height, panicle length, and number of total stems exhibited significantly low genetic gains, due in particular to their low PCVs, which were lower or equal to those of all the agrophysiological traits and number of sterile stems for the moderate heritability estimates. Thus, as speculated by Kandil et al. (2012) , a selection based on phenotypical variations of the traits based on heritability estimates and strong GCV values would be better at predicting the resulting effects of selection than with heritability values alone. Based on the present findings, clonal evaluation appeared to be adequate for selecting parent plants of high seed yield for highly heritable and stable agromorphological traits with great phenotypic variation, such as plant height, panicle length, number of fertile stems, number of total stems, and seed yield per plant. The most important variables for seed yield traits were identified by PC analysis. In the analysis with 15 variables, the first 5 components with an eigenvalue greater than 1 were extracted. They contributed 84.90% of total variability among the genotypes (Table 5 ). PC1 to PC5 explained 39.04%, 14.69%, 12.19%, 11.07%, and 7.92% of the total variance, showing maximum eigenvalues of 5.856, 2.203, 1.828, 1.660, and 1.188, respectively. The first PC in particular was related to all agromorphological traits of the aboveground biomass. All traits with high coefficients (biological yield, number of fertile stems, dry matter yield, panicle length, seed yield, plant height, crown diameter, number of total stems, and fertile stem percentage) were the primary sources of variation in the PC1 score for the genotypes and contributed positively to PC1. Hence, the higher the PC1 score for genotypes, the higher their values for aboveground traits would be, as concluded by Kandil et al. (2012) with flax for seed yield attributes. The PC1 axis was essentially a component dealing with seed yield and agromorphological yield components, which directly or indirectly affect seed yield, as determined in a great variety of grasses (Rognli, 1987; Seker and Serin, 2004; Moradi et al., 2007) , as well as on dry matter yield. The plant traits with the greatest positive weight on PC2 were harvest index and fertility index. This axis dealt with assimilate partitioning of plant physiology. The other PC axes dealt with numbers of sterile stems (PC3) and 2 phenological traits of earliness (PC4) and stem intensity (PC5). After studying these patterns, the findings suggested that the genotypes with larger aboveground biomass and greater hay yield components and attributes tended to have greater seed yield without any change in harvest index, despite the great reduction in fertility index as aboveground plant size increased.
The genotypes were grouped into 4 clusters based on average linkage, with genotype 39 discarded. A distance coefficient of 7.64 was chosen to separate the genotypes into 4 cluster groups in a dendrogram (Figure 2 ; Table 6 ). The genotypes from a defined geographic area (Tortum District, Erzurum) tended to assemble in cluster 4(C4) of the 7 genotypes; other genotypes from various locations of the region were spread across the other 3 cluster groups. A similar result was reported by Parsa et al. (2012) for orchardgrass accessions. Mean values along with standard deviations (SDs) for each cluster (Table 6 ) revealed that the genotypes in C4 had greater agromorphological traits, which are important characters for both seed yield and dry matter yield, but shorter periods to reach certain phenological dates than in other clusters. Thus, they were significantly faster in aboveground biomass accumulation, resulting in greater biological yield. This result is in accordance with the findings of Martiniello (1998) , who suggested that selection for early flowering accessions of tall fescue would increase both seed yield and dry matter yield.
Consequently, considerable amounts of genetic variability were determined among the orchardgrass genotypes for all the traits under consideration. The relative contribution of genetic variance to phenotypical variance was larger than the total contribution of nonheritable components for all the traits (except stem intensity, number of sterile stems, and 3 physiological traits, all which were very variable traits with <50% broadsense heritability). Agromorphological traits were the principal sources of variation. The results obtained from this study should be useful for grass breeders and seed producers concerned about simultaneous high seed and hay yield. Strict selection for the many-culmed genotypes of large aerial biomass with longer panicle lengths could result in greater seed yields, despite its adverse effect on fertility due to low seed set.
